
Rare Processes and Precision 
Measurements Frontier

Conveners: Marina Artuso, Syracuse University
Robert Bernstein, FNAL & Alexey Petrov, WSU

For more information

https://snowmass21.org/rare/start Including  calendar 
of events

Disclaimer: summary is illustrative and not comprehensive – apologies for the 
many interesting topics omitted
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The big ideas
The  Standard Model of Particle Physics is very 
successful, but we still have some important 
questions:
qWhat is the nature of what makes up most of 

the universe? [what are dark matter/dark 
energy made of?]

qHierarchy problem I: why is the Higgs mass 
stable at 125 GeV and mPlank~1019 GeV

qMany mass hierarchies [from me to mt]
qStability of the universe [baryon asymmetry]
qMass scale of the new physics [what is the mass 

gap between EW scale and the new physics 
scale]. (how  much bigger than ~1 TeV?]
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The approach
qUse indirect evidence for new physics manifesting itself in 

suppressed decays, probe high mass scale not reachable with 
direct production at colliders.
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TG-1 Weak decays of heavy quarks

qConveners A. di Canto and S. Meinel
qMore information at https://snowmass21.org/rare/weakbc
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Important themes:

https://snowmass21.org/rare/weakbc


Experiments for heavy-quark studies 
LHCb NOW⇒

Also ATLAS/CMS
NOW ⇒HL-LHC 

FCC-EE

BESIII
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Two phenomenological approaches:
qCabibbo-Kobayashi-Maskawa matrix contains many (complex) 

couplings not predicted by SM, several constraints relate 
them⇒many precision measurements allow multifaceted challenge 
to the SM  

qAnomalies in suppressed decays as indirect probe for new physics
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CKM triangles
currently:
g best measurement by LHCb

Example: New physics in mixing, evolution of constraints:

Marcella Bona, ICHEP2020
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The role of the lattice
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Indirect evidence for  new physics 
in ! → #ℓ%ℓ&
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EFT analysisDifferential distributions

'( ) different from SM & 
structure of new physics

CPM Plenary Session M. Artuso



LVU violation and BSM interpretation
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Example  of BSM interpretation

Validation: new 
predictions confirmed 
by observation
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TG2: 
qTG conveners E. Passemar and E. 
qMore information at:

qhttps://snowmass21.org/rare/weaksud

This topical group will address the following topics:
1.Rare kaon decays: K+→π+υυ , KL→π0υυ, KL→π0l+l-.
2.CP-violation in kaon sector (ε'/ε, etc.)
3.Lepton universality in kaon and pion decays
4.Rare η and η' decays
5.First-row CKM unitarity tests
6.Related theory, including lattice QCD
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24 LOIs covering all the topics 
of interes

https://snowmass21.org/rare/weaksud


The message from rare K decays

From Jason Aebischer
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Also possible backgrounds- charged K being evaluated Koji Shiomi @beauty2020

Example of top down BSM approach



TG3: Precision measurements in 
“small” experiments
qConveners: T. Blum and P. Winter 
qmore information at 

qhttps://snowmass21.org/rare/fund

g-2
Muon (low-energy/ storage rings)
EDM
CPT tests
Connection with Atomic Molecular and Optical (AMO) physics
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https://snowmass21.org/rare/fund


Example: multiple approaches to 
electric dipole moments

More details at https://indico.fnal.gov/event/44782/
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https://indico.fnal.gov/event/44782/


TG4- Baryon number and lepton 
number violating processes

qTopics addressed

Conveners: P. Fileviez Perez, A.Pocar
More information at: https://snowmass21.org/rare/blv

15



Lepton number violation – Synergy 
with NF
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Baryon number violation

Baryon number violating processes in heavy baryons being explored by LHCb
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TG5- Charged lepton flavor violation

Topical conveners: B. Echenard & S. Davidson

More information at 

https://snowmass21.org/rare/clfv

LHCb
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1.Muon and tau LFV reactions (mu→e gamma, mu→3e, mu-e 

conversion, tau decays)

2.Muonium-antimuonium oscillations and LFV leptonium

decays

3.Meson and baryon LFV decays (K→ pi e mu, B → K tau ell, …)

4.Decays of heavy states (h,t,Z,Z'…) and other LFV processes at 

colliders

5.Light to heavy lepton LFV transitions (EIC, muon beam,…)

1.2 Muon Flavor Violating Processes 3
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Figure 1-1. Interconnection between various lepton flavor violating (LFV) and lepton flavor conserving
(LFC) processes.

only source of new physics, and if the mass generation occurs at a very high energy scale, CLFV processes
are highly suppressed. For example, if neutrinos are Dirac particles, the branching ratio for µ ! e� is
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where Uei are the leptonic mixing matrix elements. This value, which su↵ers from extreme suppression
from the small neutrino masses, is experimentally inaccessible. In many extensions of the Standard Model
however, there are much larger contributions to CLFV and current experimental bounds set strict limits on
the parameter space available for new physics models.

1.2.1.1 CLFV Decays and Interactions

The e↵ective Lagrangian relevant for the µ ! e� and µ+
! e+e�e+ decays can be parametrized, regardless

of the origin of CLFV, as

Lµ!e�,eee = �
4GF
p

2
[mµARµR�µ⌫eLFµ⌫ + mµALµL�µ⌫eRFµ⌫

+g1(µReL)(eReL) + g2(µLeR)(eLeR)

+g3(µR�µeR)(eR�µeR) + g4(µL�µeL)(eL�µeL)

+g5(µR�µeR)(eL�µeL) + g6(µL�µeL)(eR�µeR) + h.c.] . (1.2)

The decay µ ! e� is mediated by the first two terms of Eq. (1.2), the dipole terms. These terms, as well as
the remaining contact terms, all contribute to the decay µ+

! e+e�e+. The relative strength of these decay
rates depends on the relative strength of the dipole and contact terms. Turning this around, searches for

Fundamental Physics at the Intensity Frontier

Kaladi Babu

https://snowmass21.org/rare/clfv


Flavor violation in µ decays

EFT analysis of LFV ! → #
Processes 

90 operators!
Davidson arxiv:2010.00317

MegII-
Mu2e/mu2eII, Bernstein
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CLFV in t decays

20



TG6- Dark Sector Studies at High Intensities

M. Williams
TG Conveners: S. Gori and M. Williams
More information: https://snowmass21.org/rare/dark
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https://snowmass21.org/rare/dark


LOI submitted
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TG7- Hadron spectroscopy

q5 LoIs from ongoing experimental programs (LHCb, BelleII, CMS, BESIII, GlueX): 
seeking support for continued participation from U.S. and upgrade programs

q6 LoIs related to future new facilities:
qThree future e+e- tau-charm factory proposals (USTC, Novosibirsk, repurposing of BEPC 

as dedicated J/y factory?): seeking American participation [combined whitepaper]
qPotential of Z-pole e+e- machines: capability studies (nothing yet on hadron spectroscopy)
qEIC: seeking support for EIC and collaborators for development of hadron spectroscopy 

program
qDedicated charm-photoproduction facility: EIC is not optimal, JLab upgrade?

q 5 theory related LoIs:
qJPAC: theorists & experimentalists collaborating on amplitude analysis tools: need 

support
qLattice QCD (2 LoIs): support for simulations of more complicated hadrons
qDevelopment of phenomenological models of diquark-based and hadronic molecules (2 

LoIs): support for theorists, seeking more interactions with experimentalists

Conveners: R. Lebed and T. Skwarnicki
More information at https://snowmass21.org/rare/hadron_spectroscopy
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Conventional and 
exotic spectroscopy 
both light and heavy
hadrons



Connections with other frontiers
qIntersections identified at CPM:

q Some of these physics studies (anomalies in heavy quark decays, hadron spectroscopy, CLFV 
violation are synergistic with EF)

q Some our building blocks (nature of the neutrino, dark matter, dark sector) are intersectional with 
many frontiers (EF, CF, NF)

qImportance to maintain connections with Theory frontier:
q Interpretation of data
qLattice QCD important for relevant matrix elements
qDevelop more realistic simulations

qImportance of developing a robust instrumentation program that allows next detectors to 
achieve maximum sensitivity

qImportance of developing efficient computing algorithm that allow efficient processing of 
large data volumes with high selectivity and flexibility to optimize selection criteria for 
physics of interest (New Physics Evolving Strategy)

qInitial discussion with Accelerator frontier on new accelerator concepts for high-intensity 
µ beams
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Our plans

qWe need to transition from LOIs to contributed papers: 
qseveral LOIs synergistic and benefit from consolidation

qFurther exploration of the themes in our frontier and 
distillation of key physics drivers
qMaterial organization and planning for write-up
qFurther exploration of connections with other frontiers developed 

during these parallel session 
qMethodology: ad hoc meetings when needed, big workshop 

planned before July meeting (probably early June, hopefully at 
least hybrid)
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Conclusions

“there is a crack in everything [even SM]
That’s how the light gets in”

[Leonard Cohen]
Our openings:

q The crack through precision tests of the SM
q The crack through rare processes
An exciting path is ahead of us in the period encompassed in the Snowmass study 

We are working enthusiastically with our early career partners (Sophie 
Middleton, Josh Barrow and Jake Bennett) and we hope to strengthen our 
collaboration with the community engagement frontier to be better 
advocates of our science, strengthen the diversity of our work force, and 
work with industry to develop the instruments of the future. 
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The end 
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